Vitamin D(3) receptor ablation alters mammary gland morphogenesis.
Postnatal mammary gland morphogenesis is achieved through coordination of signaling networks in both the epithelial and stromal cells of the developing gland. While the major proliferative hormones driving pubertal mammary gland development are estrogen and progesterone, studies in transgenic and knockout mice have successfully identified other steroid and peptide hormones that impact on mammary gland development. The vitamin D(3) receptor (VDR), whose ligand 1,25-dihydroxyvitamin D(3) is the biologically active form of vitamin D(3), has been implicated in control of differentiation, cell cycle and apoptosis of mammary cells in culture, but little is known about the physiological relevance of the vitamin D(3) endocrine system in the developing gland. In these studies, we report the expression of the VDR in epithelial cells of the terminal end bud and subtending ducts, in stromal cells and in a subset of lymphocytes within the lymph node. In the terminal end bud, a distinct gradient of VDR expression is observed, with weak VDR staining in proliferative populations and strong VDR staining in differentiated populations. The role of the VDR in ductal morphogenesis was examined in Vdr knockout mice fed high dietary Ca(2+) which normalizes fertility, serum estrogen and neonatal growth. Our results indicate that mammary glands from virgin Vdr knockout mice are heavier and exhibit enhanced growth, as evidenced by higher numbers of terminal end buds, greater ductal outgrowth and enhanced secondary branch points, compared with glands from age- and weight-matched wild-type mice. In addition, glands from Vdr knockout mice exhibit enhanced growth in response to exogenous estrogen and progesterone, both in vivo and in organ culture, compared with glands from wild-type mice. Our data provide the first in vivo evidence that 1,25-dihydroxyvitamin D(3) and the VDR impact on ductal elongation and branching morphogenesis during pubertal development of the mammary gland. Collectively, these results suggest that the vitamin D(3) signaling pathway participates in negative growth regulation of the mammary gland.